Introduction
============

The expansion of our understanding of tumor immunity and the recent success of new cancer immunotherapy has reignited the hope that we can treat cancer effectively with immunotherapeutic approaches [@B1]. Cancer cells can escape from immune surveillance and killing through adaptive immune suppression disabling tumor-specific T cells. There are two cytotoxic T cell immune checkpoint receptors that cause T cell downregulation and functional inhibition: programmed death-1 (PD-1) and cytotoxic T-lymphocyte associated antigen 4 (CTLA-4). Many types of tumors including gastrointestinal (GI) cancers express programmed death-ligand 1 (PD-L1) on their tumor cells, which are activated by PD-1 receptors on T cells. The interaction of PD-1 with PD-L1 promotes tumor immune escape by downregulating T cell activation [@B2], [@B3]. Immune checkpoint inhibitors have been designed to block PD-1 or CTLA-4 mediated inhibitory signals and restore antitumor immunity [@B3]. This type of immunotherapy has shown significant clinical benefits in the treatment of some solid and hematologic malignancies [@B4]-[@B13].

Since ipilimumab, a specific monoclonal antibody (mAb) to CTLA-4 has been approved by the Food and Drug Administration (FDA) in 2011 for patients with malignant melanoma [@B4], immune checkpoint inhibitors have been explored in various types of cancers. Anti-programmed death-1 (anti-PD-1) and anti-programmed death ligand-1 (anti-PD-L1) mAbs were recently approved by the FDA in patients with malignant melanoma (nivolumab, pembrolizumab), non-small-cell lung cancer (NSCLC) (nivolumab, pembrolizumab, atezolimumab), renal cell carcinoma (nivolumab), head and neck squamous cell carcinoma (nivolumab, pembrolizumab), Hodgkin\'s lymphoma (nivolumab), and urothelial cancer (atezolimumab) [@B5]-[@B13].

Immunotherapy targeting cancer cells was assumed to be beneficial mainly in tumors with high immunogenicity. However, immune checkpoint inhibitors have been successful in cancers which hardly retain immunogenic nature [@B6]-[@B8], [@B10]. Recently emerging data suggest that immune checkpoint inhibitors may also be effective in GI malignancies. Here we briefly review theoretical background and current status of immune checkpoint inhibitors in GI cancers. We also summarize the key studies and present the ongoing clinical trials involving immune check point inhibitors in GI cancers (Table [1](#T1){ref-type="table"} and Table [2](#T2){ref-type="table"}).

Colorectal cancer
=================

Llosa*et al.* demonstrated that the defect in mismatch repair (MMR) was associated with high CD8+ cytotoxic T-cells and Th1-type cells infiltration around the tumor [@B14]. Colorectal cancer (CRC) with microsatellite instability (MSI) has an exceptionally high mutation burden. Because increased presence of tumor-specific neoantigens in such hypermutated tumor is responsible for immune reaction, CRC patients with microsatellite instability high (MSI-H) may be good candidates for immune checkpoint inhibitors.

In 2015, Le *el al.* reported the results from a phase 2 study evaluating the efficacy of pembrolizumab in 41 refractory metastatic cancer patients with or without MMR-deficiency [@B15]. Among them, 11 patients had MMR-deficient CRC and 21 had MMR-proficient CRC. Pembrolizumab showed promising activity in patients with MMR-deficient CRC. The immune-related objective response rate was 40% in MMR-deficient CRC and 0% in MMR-proficient CRC, and the progression-free survival (PFS) rate at 12 weeks was 78% in MMR-deficient CC and 11% in MMR-proficient CRC. In ESMO 2015, the preliminary results from the KEYNOTE-028 trial reported that overall response rate (ORR) and disease control rate of pembrolizumab in patients with PD-L1 positive advanced CRC were 4% and 22% [@B16]. Only one patient with MSI-H tumor achieved tumor response. With these sporadic reports suggesting that MSI status rather than PD-L1 expression may be a relevant biomarker for immune checkpoint inhibitors in CRC, clinical trials have been designed using MSI status as a potential predictive biomarker.

In ESMO 2016, Overman *et al.* reported the preliminary results from the CheckMate-142, a two-staged phase 2 study evaluating nivolumab +/- ipilimumab in metastatic or recurrent CRC with MSI-H or microsatellite stable (MSS) [@B17]. The ORR in MSI-H CRC was 26% with nivolumab monotherapy and 33% with nivolumab plus ipilimumab, and the toxicity profile of combination therapy was tolerable with 27% of grade 3/4 adverse events (AEs). Efficacy analysis of nivolumab plus ipilimumab in patients with MSS CRC showed poor ORR with less than 10%. With these promising results in MSI-H CRC, several clinical trials evaluating pembrolizumab as a first-line or salvage treatment in patients with MSI-H or MMR deficient CRC are ongoing \[Identifier: NCT02563002, NCT02460198\].

Additionally, immune checkpoint inhibitors as a combination partner for cytotoxic chemotherapy in CRC are under investigation. In ESMO 2016, Stenehjem *et al.* reported the preliminary results of phase 1 dose escalation trial assessing safety and efficacy of pembrolizumab combined with modified FOLFOX6 in advanced gastrointestinal malignancies including 7 CRC patients [@B18]. The combination of modified FOLFOX6 with pembrolizumab has an acceptable safety profile with ORR of 29%.

Hepatocellular carcinoma
========================

Hepatocellular carcinoma (HCC) is typically an inflammation-associated cancer and, thus, is often immunogenic [@B19]. During the development of HCC, intricate immunosuppressive mechanisms in the tumor microenvironment may become activated and further interfere with the induction of meaningful anti-tumor immune response. Multiple immunosuppressive mechanisms have been proposed, including up-regulation of immune checkpoint pathway [@B20]-[@B22]. In preclinical model, blockage of the PD-1 receptor combined with administration of immunostimulatory mAbs extends survival in murine model of HCC [@B23], [@B24]. On the basis of these results, it is expected that immune checkpoint inhibitors may boost host immunity and improve clinical outcomes in patients with HCC.

In ESMO 2016, Melero *et al.* reported the preliminary results from the phase 1/2 CheckMate-040 study evaluating the safety and efficacy of nivolumab in patients with advanced HCC [@B25]. After dose-escalation stage involving 48 patients, dose-expansion stage with nivolumab (3 mg/kg) involving 214 patients was processed. Various types of cohort such as sorafenib-naive/intolerant patients or sorafenib-failures, patients infected with hepatitis C virus (HCV) or hepatitis B virus (HBV), or patients with no hepatitis virus infection were included in the dose-expansion stage. Nivolumab showed similar toxicity profile with what has been observed in other tumor types with maximum 16% of grade 3/4 aspartate transaminase elevation in HCV-infected cohort. The ORRs were 15% (7/48) in the escalating cohort and 16% (35/214) in the expansion cohort. Out of a total of 262 patients, 5 achieved complete response (CR). Median duration of response was 17 months in the dose-escalation stage and was not reached in the dose-expansion stage. Nivolumab also showed promising outcome in terms of overall survival (OS), with survival rate of 71% at 9 months in the dose-expansion stage.

Several clinical trials with immune checkpoint inhibitors are ongoing in patients with HCC. Comparison of nivolumab with sorafenib as a first-line treatment for patients with HCC is under investigation in the phase 3 CheckMate-459 trial \[Identifier: NCT02576509\]. Pembrolizumab monotherapy is being evaluated in phase 2 and phase 3 trials of HCC patients who progressed or intolerant to sorafenib \[Identifier: NCT02702401, NCT02702414\]. Additionally, safety and efficacy of nivolumab in combination with transforming growth factor-beta receptor 1 kinase inhibitor (galunisertib) are being investigated in phase 1b/2 clinical trial involving 25 HCC patients \[Identifier: NCT02423343\].

Gastric cancer
==============

Recently, the cancer genome atlas has identified that gastric cancer can be classified by molecular subtype; Epstein Barr virus (EBV) positive, microsatellite unstable, genomically stable, and chromosomal instability tumors [@B26]. Among these molecular subtypes, EBV-associated tumors are associated with elevated PD-L1/2 expression, which makes this subtype or tumors attractive for immunotherapy targeting PD-1 and its ligands. Additionally, microsatellite unstable tumors have hypermutated phenotype, which has been associated with better response to immune checkpoint inhibitor in other malignancies [@B15]. With these plausible implications for the use of immune check point inhibitors in gastric cancer, various clinical trials have been undertaken.

In May 2016, the results of the phase 1b KEYNOTE-012 trial, the first clinical study evaluating the safety and the efficacy of immune checkpoint inhibitor (pembrolizumab) in patients with gastric cancer, were published [@B27]. Thirty-nine patients with PD-L1 positive recurrent or metastatic gastric cancer were enrolled, and the ORR was 22% without CR and incidence of grade 3 or 4 AEs were 13%. Pembrolizumab was also evaluated as a combination partner to 5-fluorouracil plus cisplatin (FP) for first-line treatment of advanced gastric cancer. Preliminary safety data of the phase II KEYNOTE-059 trial were reported in GI ASCO 2016 [@B28]. In this trial, pembrolizumab in combination with FP was introduced as a first-line therapy in 18 patients with advanced gastric cancer (AGC) and showed manageable safety profile with no treatment-related discontinuations or deaths. AEs of interest based on immune etiology were grade 2 infusion-related reaction and grade 2 pruritus (n = 1 \[5.9%\] each). Further studies for the safety and efficacy of pembrolizumab as monotherapy or combination therapy in AGC patients are ongoing. The KEYNOTE-061 trial is a randomized phase 3 study which is designed to evaluate pembrolizumab versus paclitaxel after failure of first-line platinum plus fluoropyrimidine for patients with AGC \[NCT02370498\]. The ongoing KEYNOTE-062 study is a randomized phase 3 trial to evaluate pembrolizumab in combination with FP as first-line treatment in AGC patients \[Identifier: NCT02494583\].

Nivolumab was also evaluated in patients with AGC. In ASCO 2016, the preliminary results of the phase 1/2 CheckMate-032 trial were reported [@B29]. In this trial, nivolumab alone or in combination with ipilimumab was evaluated as a salvage treatment in 160 AGC patients. The ORR was numerically higher in the nivolumab (1 mg/kg) plus ipilimumab (3 mg/kg) combination arm (26%) than the nivolumab monotherapy arm (14%) or the nivolumab (3 mg/kg) plus ipilimumab (1 mg/kg) combination arm (10%). The ORR was reached up to 44% in the ≥1% PD-L1 expression subgroup of nivolumab (1 mg/kg) plus ipilimumab (3 mg/kg) combination arm. Grade 3 or 4 AEs occurred in 45% of patients treated with nivolumab (1 mg/kg) plus ipilimumab (3 mg/kg) and were generally manageable. Further phase 3 trial evaluating the efficacy of nivolumab plus ipilimumab as first-line treatment in patients with AGC is recruiting participants \[Identifier: NCT02872116\]. Other phase 3 trial comparing the efficacy of nivolumab to placebo in chemotherapy-refractory AGC is ongoing \[Identifier: NCT02267343\]. Nivolumab in combination with TS-1 (tegafur/gimeracil/oteracil potassium) plus oxaliplatin or capecitabine plus oxaliplatin will be evaluated as first-line treatment in two-staged phase II study \[Identifier: NCT02746796\].

The preliminary results of phase 2 trial evaluating the efficacy of ipilimumab alone versus best supportive care as sequential/maintenance therapy in patients with unresectable, locally advanced/metastatic gastric or gastro-esophageal junction cancer following first-line chemotherapy with platinum plus fluoropyrimidine were reported [@B30]. In this trial with 114 patients enrolled, ipilimumab showed no favorable outcomes in terms of immune-related PFS which was the primary endpoint.

Esophageal cancer
=================

There is few available clinical data regarding immune checkpoint blockades in esophageal cancer. The preliminary results of phase 1b multi-cohort KEYNOTE-028 trial are the only available data. Doi *et al*. presented at ASCO GI 2016 the update results for the advanced esophageal carcinoma cohort of the phase 1b KEYNOTE-028 study evaluating pembrolizumab in patients with PD-L1 positive advanced solid tumors [@B31]. Pembrolizumab showed promising results with the ORR of 30.4% and PFS rate of 21.7% at 12 months in patients with PD-L1 positive, heavily treated esophageal cancer. Phase 2 study \[Identifier: NCT02559687\] of pembrolizumab monotherapy for third-line treatment and phase 3 study \[Identifier: NCT02564263\] of pembrolizumab monotherapy for second-line treatment in esophageal cancer are ongoing. Clinical trials of nivolumab as a rescue treatment \[Identifier: NCT02569242\] and adjuvant treatment \[Identifier: NCT02743494\] are also in progress for esophageal cancer patients.

Biliary tract cancer
====================

Ye *et al.* reported that PD-L1 and PD-1 expression is upregulated in intrahepatic cholangiocarcinoma [@B32]. However, plausible mechanism for immune checkpoint inhibitors in biliary tract cancer is not well established and available clinical data is very limited. In ESMO 2015, Bang *et al.* reported the preliminary results of patients with advanced biliary tract cancer from the ongoing phase 1b, multi-cohort KEYNOTE-028 study [@B33]. Twenty-four patients with PD-L1 positive adenocarcinoma of the biliary tract or gallbladder received pembrolizumab monotherapy and the ORR was 17.4%.

Future perspective
==================

Current approaches in cancer immunotherapy are shifting to multimodality or combination strategies. First of all, conventional cytotoxic chemotherapy can be combined with immune checkpoint inhibitors. Chemotherapeutic agents destroy tumor cells and usually release intracellular peptides, RNA, and proteins which may become useful tumor associated antigens to enhance the efficacy of immune checkpoint inhibitors. Based on immune modulating properties of vascular endothelial growth factor (VEGF) to hamper infiltration of T cells and dendritic cells into tumors, immune checkpoint inhibitors can be combined with VEGF inhibitors, such as bevacizumab and ziv-aflibercept. As suggested in advanced melanoma and NSCLC, PD-1/PD-L1 blockade may be an attractive combination partner with anti-CTLA-4 mAbs (ipilimumab or tremelimumab) in GI cancers. Trials combining immune checkpoint inhibitors with immune stimulatory antibodies, such as CD137-specific mAb, are under investigation. In addition, cancer vaccines may be also combined with immune checkpoint inhibitors.

Conclusion
==========

Immune checkpoint inhibitors are leading recent renaissance of cancer immunotherapy. Encouraged by recent success in some other types of malignancies, many clinical trials have also been undertaken to evaluate the efficacy of immune checkpoint inhibitors in GI malignancies. Early studies have suggested that immune checkpoint inhibition might be effective in some patients with GI cancers. Up to date, however, the era of immunotherapy in GI cancers is in an inchoate stage. The immune suppressive mechanisms and microenvironment surrounding GI cancers are still obscure compared with malignant melanoma, renal cell carcinoma, or NSCLC. To improve the efficacy of immune checkpoint inhibitors in GI cancers, we should build more profound understanding of tumor immune system and microenvironment. In addition, we need to identify adequate biomarkers that can predict the efficacy of this type of immunotherapy. Translational researches have proposed several tumor-derived biomarkers (PD-L1 expression, tumor mutational load, and neoantigens) and immune cell-derived biomarkers (tumor infiltrating lymphocytes in tumor microenvironments, PD-L1 expression on immune cells, and the ratio of effector CD8+ T cells to regulatory T cells with FoxP3). However, future studies are needed to reveal the role of PD-L1 expression and these possible biomarkers in predicting response to immune checkpoint inhibitors in GI cancers. We hope that ongoing clinical trials provide meaningful information for these issues.

###### 

Key trials of immune checkpoint inhibitors in gastrointestinal cancers

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Cancer type                Author, year/\                Trial enrollment and description                                                                                                                                                                                               ORR                        DOR (months, median)   PFS (months, median)   OS (months, median)
                             study name/status                                                                                                                                                                                                                                                                                                                     
  -------------------------- ----------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ -------------------------- ---------------------- ---------------------- ---------------------
  Colorectal cancer          Le *et al*., 2015/published   Phase 2, 11 patients with MMR-deficient CRC and 21 patients with MMR proficient CRC; treated with pembrolizumab                                                                                                                dMMR: 40%\                 NA                     dMMR: NR\              dMMR: NR\
                                                                                                                                                                                                                                                                                          pMMR: 0%                                          pMMR: 2.2              pMMR:5.0

                             O\'Neil *et al*., 2015/\      Phase 1b, 23 patients with PD-L1 positive advanced CRC; treated with pembrolizumab                                                                                                                                             4%\                        NA                     NA                     NA
                             KEYNOTE-028/preliminary                                                                                                                                                                                                                                      (1 responder: MSI-H CRC)                                                 

                             Overman *et al*., 2016/\      Phase 2, 100 patients with MSI-H CRC and 20 patients with MSS CRC; treated with nivolumab 3mg/kg (N), or nivolumab 3mg/kg + ipilimumab 1mg/kg (N3I1), or nivolumab 1mg/kg + ipilimumab 3mg/kg (N1I3)                           MSI-H\                     MSI-H\                 MSI-H\                 MSI-H\
                             CheckMate-142/preliminary                                                                                                                                                                                                                                    -N: 26%\                   -N: NR\                -N: 5.3\               -N: 17.1\
                                                                                                                                                                                                                                                                                          -N3I1: 33%\                -N3I1: NR\             -N3I1: NR\             -N3I1: NR\
                                                                                                                                                                                                                                                                                          MSS\                       MSS\                   MSS\                   MSS\
                                                                                                                                                                                                                                                                                          -N1I3: 10%\                -N1I3: NA\             -N1I3: 2.3\            -N1I3: 11.5\
                                                                                                                                                                                                                                                                                          -N3I1: 0%                  -N3I1: NA              -N3I1: 1.3             -N3I1: 3.7

  Hepatocellular carcinoma   Melero *et al*., 2016/\       Phase 1/2, 48 HCC patients in dose escalation cohort (ES) and 214 HCC patients in dose expansion cohort (EX); treated with nivolumab                                                                                           ES: 15%\                   ES: 17\                ES: NA\                ES: 14.3\
                             CheckMate-040/preliminary                                                                                                                                                                                                                                    EX: 16%                    EX: NR                 EX: NA                 EX: NA

  Gastric cancer             Muro *et al.*, 2016/\         Phase 1b, 39 patients with recurrent or metastatic PD-L1 positive gastric cancer; treated with pembrolizumab                                                                                                                   22%                        9.3                    1.9                    11.4
                             KEYNOTE-012/published                                                                                                                                                                                                                                                                                                                 

                             Janjigian *et al*.,2016/\     Phase 1/2, 160 patients with stage IV gastric or gastroesophageal junction adenocarcinoma; treated with nivolumab 3mg/kg (N), or nivolumab 3mg/kg + ipilimumab 1mg/kg (N3I1), or nivolumab 1mg/kg + ipilimumab 3mg/kg (N1I3)   N: 14%\                    N: NA\                 N: 1.36\               N: 5.03\
                             CheckMate-032/preliminary                                                                                                                                                                                                                                    N3I1: 10%\                 N3I1: NA\              N3I1: 1.58\            N3I1: 4.83\
                                                                                                                                                                                                                                                                                          N1I3: 26%                  N1I3: NA               N1I3: 1.45             N1I3: 6.87

                             Fuchs *et al*., 2016/\        Phase 2, 18 patients with HER2 negative recurrent or metastatic gastric or gastroesophageal junction adenocarcinoma; treated with pembrolizumab + 5-FU + cisplatin                                                             NA                         NA                     NA                     NA
                             KEYNOTE-059/preliminary                                                                                                                                                                                                                                                                                                               

  Esophageal cancer          Doi *et al*., 2016/\          Phase 1b, 23 patients with PD-L1 positive advanced esophageal cancer; treated with pembrolizumab                                                                                                                               30%                        NR                     NA                     NA
                             KEYNOTE-028/preliminary                                                                                                                                                                                                                                                                                                               

  Biliary cancer             Bang *et al*., 2015/\         Phase 1b, 24 patients with PD-L1 positive advanced biliary tract cancer; treated with pembrolizumab                                                                                                                            17%                        NA                     NA                     NA
                             KEYNOTE-028/preliminary                                                                                                                                                                                                                                                                                                               
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CRC, colorectal cancer; dMMR, mismatch repair deficient; DOR, duration of response; 5-FU, 5-fluorouracil; MSI-H, microsatellite instability-high; MSS, microsatellite stable; NA, not applicable; NR, not reached; ORR, overall response rate; OS, overall survival; PD-L1, programmed death ligand-1; PFS, progression-free survival; pMMR, mismatch repair proficient.

###### 

Ongoing clinical trials of immune checkpoint inhibitors in gastrointestinal cancers

  Cancer type                Trial identifier   Title                                                                                                                                                                                                                                                                                                                                                                                                         Phase   Target *n*   Sponsor
  -------------------------- ------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------- ------------ ----------------------------
  Colorectal cancer          NCT02460198        A phase 2 study of pembrolizumab (MK-3475) as monotherapy in subjects with previously treated locally advanced unresectable or metastatic (stage IV) dMMR or MSI-H CRC (KEYNOTE-164)                                                                                                                                                                                                                          2       120          Merck Sharp & Dohme Corp.
                             NCT02563002        A phase 3 study of pembrolizumab (MK-3475) vs. chemotherapy indMMR or MSI-H stage IV CRC (KEYNOTE-177)                                                                                                                                                                                                                                                                                                        3       270          Merck Sharp & Dohme Corp.
  Hepatocellular carcinoma   NCT02576509        A randomized, multi-center phase 3 study of nivolumab versus sorafenib as first-line treatment in patients with advanced HCC (CheckMate-459)                                                                                                                                                                                                                                                                  3       726          Bristol-Myers Squibb
                             NCT02702401        A phase 3 study of pembrolizumab (MK-3475) vs. best supportive care as second-line therapy in subjects with previously systemically treated advanced HCC (KEYNOTE-240)                                                                                                                                                                                                                                        3       408          Merck Sharp & Dohme Corp.
                             NCT02702414        A phase 2 study of pembrolizumab (MK-3475) as monotherapy in subjects with previously systemically treated advanced HCC (KEYNOTE-224)                                                                                                                                                                                                                                                                         2       100          Merck Sharp & Dohme Corp.
                             NCT02423343        A phase 1b/2 dose escalation and cohort expansion study of the safety, tolerability and efficacy of a novel transforming growth factor-beta receptor 1 kinase inhibitor (galunisertib) administered in combination with anti-PD-1 (nivolumab) in advanced refractory solid tumors (phase 1b) and in recurrent or refractory non-small cell lung cancer, hepatocellular carcinoma, or glioblastoma (phase 2)   1b/2    100          Eli Lilly and Company
  Stomach cancer             NCT02370498        A Phase 3, randomized, open-label clinical trial of pembrolizumab (MK-3475) versus paclitaxel in subjects with advanced gastric or gastroesophageal junction adenocarcinoma who progressed after first-line therapy with platinum and fluoropyrimidine (KEYNOTE-061)                                                                                                                                          3       720          Merck Sharp & Dohme Corp.
                             NCT02494583        A randomized, active-controlled, partially blinded, biomarker select, phase 3 clinical trial of pembrolizumab as monotherapy and in combination with cisplatin+5-FU versus placebo+cisplatin+5-FU as first-line treatment in subjects with advanced gastric or gastroesophageal junction adenocarcinoma (KEYNOTE-062)                                                                                         3       750          Merck Sharp & Dohme Corp.
                             NCT02872116        A randomized, multicenter, open-label, phase 3 study of nivolumab plus ipilimumab versus oxaliplatin plus fluoropyrimidine in subjects with previously untreated advanced or metastatic gastric or gastroesophageal junction cancer (CheckMate-649)                                                                                                                                                           3       870          Bristol-Myers Squibb
                             NCT02267343        ONO-4538 (nivolumab) phase 3 study a Multicenter, double-blind, randomized study in patients with unresectable advanced or recurrent gastric cancer                                                                                                                                                                                                                                                           3       480          Ono Pharmaceutical Co. Ltd
                             NCT02746796        ONO-4538 (nivolumab) phase 2 study a multicenter, open-label randomized study in patients with unresectable advanced or recurrent gastric cancer                                                                                                                                                                                                                                                              2       268          Ono Pharmaceutical Co. Ltd
  Esophageal cancer          NCT02559687        A phase 2 study of pembrolizumab monotherapy in third-line previously treated subjects with advanced/metastatic adenocarcinoma or squamous cell carcinoma of the esophagus or advanced/metastatic Siewert type I adenocarcinoma of the esophagogastric junction (KEYNOTE-180)                                                                                                                                 2       100          Merck Sharp & Dohme Corp.
                             NCT02564263        A phase 3randomized open-label study of single agent pembrolizumab vs physicians\' choice of single agent docetaxel, paclitaxel, or irinotecan in subjects with advanced/metastatic adenocarcinoma and squamous cell carcinoma of the esophagus that have progressed after first-sine standard therapy (KEYNOTE-181)                                                                                          3       600          Merck Sharp & Dohme Corp.
                             NCT02569242        ONO-4538 (nivolumab) phase 3study amulticenter, randomized, open-label study in patients with unresectableadvanced or recurrent esophageal cancer                                                                                                                                                                                                                                                             3       390          Ono Pharmaceutical Co. Ltd
                             NCT02743494        Randomized, multicenter, double blind, phase 3study of adjuvant nivolumab or placebo in subjects with resected esophageal, or gastroesophageal junction cancer                                                                                                                                                                                                                                                3       760          Bristol-Myers Squibb
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